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                                               SYNOPSIS

The thesis entitled “Novel Approach Towards The Total Synthesis Of Oseltamivir Phosphate And Development Of New Methodologies in Organic Synthesis” has been divided in to three chapters.
Chapter-I: This chapter is divided in to two parts.
Part-A: This part deals with the introduction to aziridines and the importance of ring opening reactions of aziridines 
The Part-A again is divided in to two sections.
Section-I: This section describes the development of a novel and highly efficient regioselective ring opening of aziridines with aromatic amines catalyzed by lithium per chlorate.
Section-II: This section describes the regioselective ring opening of aziridines with potassium thiocyanate catalyzed by lithium per chlorate.
Part-B: This part describes the new protocol for the syntheses of 2-azido alcohols by ring opening of epoxides with NaN3 by ionic liquid/H2O system.
Chapter-II: This chapter is divided in to two parts.
Part-A: This part deals with introduction to Oseltamivir phosphate and earlier approaches cited in the literature towards the total synthesis of Oseltamivir phosphate (Tamiflu). 
Part-B: This part deals with the synthetic studies towards the total synthesis of Oseltamivir Phosphate.
Chapter-III:  This chapter describes the new synthesis and N-alkylation studies of cyclic secondary amines.
Chapter-I:
Part-A: Deals with the introduction to aziridines and the importance of ring opening reactions of aziridines 
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Section-I: Lithium per chlorate catalyzed ring opening of aziridines with aromatic amines.
Ring opening of aziridines can be done by using various methods. These methods include using HCl, metal halides, Amberlyst-15/LiCl, Cerium (III) chloride. Nucleophilic ring opening of aziridines by organometallic reagents has gained wide popularity in organic synthesis. Our on going work is focused on regio selective ring opening of aziridines with lithium perchlorate. The main aim in choosing lithium perchlorate as a reagent is because, among metallic catalysts, in recent years, lithium perchlorate in diethyl ether (LPDE) has emerged as a Lewis acid for affecting various organic transformations. Further more, lithium perchlorate is found to retain its activity even in the presence of amines. How-ever many Lewis acids are deactivated or some times decomposed in nitrogen containing reactants; even when the desired reaction proceeds, more than stoichiometric amounts of the Lewis acids are required because the acids are trapped by nitrogen. Lithium perchlorate along with nitro methane as dienophile used in Diels- alder reactions, lithium perchlorate along with magnesium perchlorate and with other reagents used as a commercial product (e.g., battery electrolyte solutions).
The advantages of choosing perchlorate salts are 
   Perchlorate salts promote chemistries that are not possible with other reagents.
 Dramatic improvement in reaction rates, selectivity, yield and operating conditions of complex reactions.
 Reactions can be developed with other conditions and solvent medium apart from LPDE medium.
 The concept of “naked ion” Li+ chemistries in organic media has broad synthetic implications
 Achievement of results far superior to, if not impossible with, any other methodology.
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Substituted 1,2-diamines are a biologically, medicinally and synthetically important class of compounds in the field of anti-HIV drugs and other pharmaceuticals. There fore we herein describe a novel and convenient procedure for the synthesis of 1,2- diamines from aziridines using a catalytic amount of lithium perchlorate as shown in Scheme-1.

 
                                            Scheme-1

The treatment of N-tosyl aziridines with aromatic amines in the presence of 10mol% LiClO4 in acetonitrile resulted in the formation of 1,2-diamines in 83-95% yield. The reactions proceeded efficiently at ambient temperature and the products were obtained in excellent yields. However, the reaction of cycloalkyl-N-tosyl aziridines with aromatic amines afforded the product as a single isomer as shown in Scheme-2. 

           
                                           Scheme-2

In conclusion we have demonstrated a novel and efficient protocol for the preparation of 1,2 diamines from aziridines using catalytic amount of lithium perchlorate under neutral reaction and work-up conditions. It is found that lithium perchlorate was found to be an excellent catalyst under neutral reaction and work up conditions.
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Section-II: Lithium perchlorate–Catalyzed Regioselective Ring-Opening of Aziridines with Potassium Thiocyanate
Aminothiocyanates are used as a chiral nitrogen, sulphur chelate aprotic ligands in an enantioselective synthesis of optically active secondary alcohols. Aminothiocyanates are widely used for the synthesis of thiazole and benzothiazole heterocycles, which exhibit potent pesticidal actions. Thiocyanates have been demonstrated as metabolites in several genera of marine organisms. By knowing the importance of aminothiocyanates our attention moves towards the synthesis of aminothiocyanates. The best method for the synthesis of these compounds is the nucleophilic ring opening of a three-member ring system, the aziridine. Therefore in this report, we describe a simple and convenient method for the synthesis of aminothiocyanates from aziridines using 10mol% of lithium perchlorate in acetonitrile under mild reaction conditions as shown in scheme-1
N-tosyl-2-phenylaziridine was treated with potassium thiocyanate in the presence of 10-mol% LiClO4 in acetonitrile at ambient temperature, and the N-tosyl-2-arylaziridines underwent cleavage by thiocyanate ions with preferential attack at the benzylic position resulting in the formation of products 2 with only trace amounts of 3
  
      					Scheme-1

In further reactions, treatment of bicyclic-N-tosylaziridines 4 with potassium thiocyanate afforded the corresponding -aminothiocyanates 5 in good yields as shown in scheme-2. 
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In conclusion we described, for the first time, a novel and efficient method for the preparation of aminothiocyanates from aziridines and potassium thiocyanate using a catalytic amount of lithium perchlorate under neutral reaction and work-up conditions. 
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Part-B: Ionic liquids/H2O system for the reaction of epoxides with NaN3: A new protocol for the synthesis of 2-azidoalcohols.
2-Azidoalcohols are important precursors for the synthesis of -amino alcohols, some of which are of significance as -adrenergic blocking agents as highly effective antagonists for the treatment of cardiovascular diseases, cardiac failure, and asthma, and are also useful as chiral auxiliaries in asymmetric synthesis. They are also useful intermediates for the synthesis of amino sugars and carbocyclic nucleosides.31 The simple and the most straightforward synthetic method for the preparation of 2-azidoalcohols involves the regioselective ring-opening of oxiranes with sodium azide under various reaction conditions.
In recent years, ionic liquids have emerged as alternative reaction media for the immobilization of transition metal based catalysts, Lewis acids and enzymes.36 They are solvents with unique properties such as tunable polarity, high thermal stability, immiscibility with a number of organic solvents, negligible vapor pressure and ease of recyclability. Because of the above said properties ionic liquids are considered as “Green solvents”. The most commonly used neutral ionic liquids include 1-butyl-3-methyl imidazolium hexafluorophosphate or tetrafluoroborate abbreviated as [bmim][PF6] and [bmim][BF4] correspondingly.
In our on going work, we report the use of ionic liquids as novel and recyclable reaction media for the synthesis of 2-azidoalcohols from oxiranes and sodium azide under mild and neutral conditions as shown in scheme-1
	
              

                                              Scheme-I
Treatment of 3-phenoxy-1,2-epoxypropane with sodium azide in a 1-butyl-3-methylimidazolium hexafluorophosphate/water (2:1) solvent system for 3 h afforded the corresponding 2-azidoalcohol 2 (R=PhOCH2) in 95% yield. Styrene epoxide and 
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tetrahydronaphtho[1,2-b]oxirane underwent cleavage with sodium azide with preferential attack at benzylic position to give the corresponding azidohydrins in 91% and 94% yields, respectively. Bicyclic oxiranes such as cyclopentene, cyclohexene and cyclooctene epoxides also underwent cleavage by sodium azide to produce 2-azidoalcohols 4 in high yields as in scheme-2.
                    
				    Scheme-2
In conclusion the ionic liquid/water solvent system was proved to be an effective reaction medium for the synthesis of 2-azidoalcohols from epoxides by playing a dual role of solvent as well as promoter. The epoxides showed a significant increase in reactivity there by reducing the reaction times and improving the yields substantially. Simple experimental and product isolation procedures combined with ease of recovery and reuse of this novel reaction media is expected to contribute to the development of green strategy for the preparation of 2-azidoalcohols. 
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Chapter-II: 
Part-A: Introduction to Oseltamivir phosphate and approaches cited in the literature towards the syntheses of Oseltamivir phosphate.
Part-B:  Studies towards the total syntheses of Oseltamivir Phosphate.
Oseltamivir phosphate (Tamiflu) belongs to a new class of anti-influenza agents that potently and selectively reduce the replication of influenza viruses.  The common terminology of the disease is ‘bird flu’ and referred to as avian flu.  The virus can infect animal species e.g., mammals.  The virus that infects birds are called ‘avian influenza virus’ and wild birds are often natural hosts. 
Oseltamivir is an oral anti viral treatment (not a vaccine) for influenza, and belongs to a class of medicines called neuraminidase inhibitors (NAI). These medicines prevent the influenza virus from spreading inside the body. Because of the way it works, it is designed to be active against all clinically relevant virus strains. It can be used both for prophylaxis and treatment of influenza. Tamiflu is proven to be effective in the treatment of influenza in adults and in children 1year and older and for the prevention of influenza in adults and adolescents 13 years of age and older. Tamiflu was launched in North America (US and Canada) and Switzerland during 1999/2000 and in all key European markets, it was launched during 2002/2003.Over 33million patients have been treated with Tamiflu in about 80 countries world wide including United States, Japan, Canada, Australia, the EU, Switzerland and Latin America.
Tamiflu is given orally, as a convenient capsule (75mg), enabling it to reach all key sites in the body where the virus multiplies. The dose for the treatment of influenza in adults is a 75mg capsule, taken twice daily for five days. Treatment must commence with in 48 hours of the onset of symptoms for full efficacy. When administered according to its approved dosage, Tamiflu delivers a 38% reduction in the severity of symptoms, a 67% reduction in secondary complications such as bronchitis, pneumonia and sinusitis in healthy individuals and a 37% reduction in the duration of influenza illness. As with any anti viral, a theoretical potential exists for an influenza virus to emerge with decreased
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sensitivity to a drug. Tamiflu is designed to be active against all clinically relevant influenza virus strains therefore should be effective against any pandemic strain.
By knowing the importance of Tamiflu, our present work deals with the total synthesis of Oseltamivir (Tamiflu). 



Our retro synthetic analysis involves the construction of carbocyclic ring system 2 by ring closing metathesis of olefin 3. The olefin 3 was prepared from the commercially available starting material L (+)-tartaric acid. The total synthesis is prepared by using strategies like Wittig reaction, Grubbs cyclisation, aziridine formation and oxidative ring opening of aziridine  (scheme-I)  

Synthesis of aldehyde (4):
Our initial attempts were based on an easily available L (+)- tartaric acid as starting material. Accordingly, L- (+)- tartaric acid was converted to dimethyl tartrate 7 in presence of catalytic sulfuric acid in methanol with 90% yield. Protection of free hydroxyl groups with acetone containing catalytic sulphuric acid and dry copper sulphate furnished dicarboxylate ester 8 in 95% yield, which was reduced with LAH in THF to afford the diol 9 in 90% yield (scheme-2). The free hydroxyl group of 9 was monoprotected by tert-butyl dimethyl silyl chloride in DCM using imidazole and catalytic amount of DMAP to afford 10 in 70% yield. 
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Compound 10 was converted to aldehyde 11 through Swern oxidation using oxalylchloride, DMSO and triethyl amine in DCM at –78 oC in 85% yield. This aldehyde was immediately used in the next step along with Wittig salt or Wittig salt can be added to aldehyde in-situ as it has tendency to decompose on long standing in presence of air. 

Synthesis of Wittig salt (5):             
Ethybromoacetate was added slowly to the ice cold solution of triphenyl phosphine in benzene and after neutralization affords 12. Allyl bromide was added to compound 12 in chloroform to get 5.
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Synthesis of carbocyclic ring (2):
The more stable carbocyclic ring can be synthesized by coupling compound 4 and 5 via Oxidation- Wittig reaction i.e. 10 on Swern oxidation affords 4, compound 5 was added to the same pot containing 10 to obtain 12 in 85% yield. TBDMS deprotection of 12 using TBAF in THF affords 13 and the free hydroxyl group of 13 was converted in to iodine 14 by adding TPP, imidazole and iodine in DCM. Activated Zn was added to 14 in ethanol gives 15, which on treatment with MOMCl, DIPEA in DCM affords olefin 3 and it can be converted to 2 by ring closing metathesis using Grubbs catalyst (scheme-4).
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Synthesis of Oseltamivir phosphate (1): 
The conversion of 2 to aziridine 16 followed by azide ion attack in a regio and stereo specific manner as a key reaction. The synthesis began with the preparation of epoxide 13 from 2 by using m-CPBA in DCM. Nucleophilic ring opening of MOM protected epoxide 13 with sodium azide in the presence of ammonium chloride generated azidoalcohol 14 in 86% yield. The ring opening of the epoxide was both regio and stereo specific as depicted in 14 and this could be attributed to the stearic and electronegative inductive influence of the MOM group in 13. Conversion of azide 14 to aziridine 16 was efficiently accomplished in 78% yield via a two-step sequence.

                                                                  Synopsis	


       

1) Mesylation of hydroxyl group in 14
   and   2) Reduction of azide functionality in 15 with triphenylphosphine in the presence of triethylamine and water. The aziridine ring opening of 16 with sodium azide gave 17 exclusively. This selective ring opening was again a consequence of the favored azide ion attack at the C5 position due to the stearic and electronegative inductive effects of the MOM group. Acetylating with acetyl chloride in pyridine and deprotection of MOM group by using TFA in DCM gives 19. This on addition to the solution of triflic anhydrate of 3-Pentanol affords 22, which on reduction with Raney Ni and was added portion wise to the ethanolic solution of phosphoric acid to afford the final compound 1 as white crystals. The reaction sequences are as shown in scheme-5 and scheme-6.
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Chapter-III: Synthesis and N-alkylation studies of cyclic secondary amines.
Cyclic secondary amines like piperazine and morpholine are an important class of compounds due to their biological significance in the field of medicine and agriculture. Piperazines and morpholines are the key pharmacophores in various important drugs and.
biologically significant molecules. Acylation or alkylation of these molecules enhances the original biological activity of the parent molecule. A number of N, N’ disubstituted piperazines have been found to possess interesting pharmacological properties. Many piperazine derivatives display varied activities like anti-bacterial, anti-viral, analgesic, and anti-inflammatory. Similarly, morpholine derivatives function as local anesthetics, antiviral agents and D2 antagonist.
Metal catalyzed reactions have gained wide popularity in organic synthesis because of their simple work up, activating or catalyzing nature, selectivity and reusability. Among transition metals; zinc catalysts has gained wide acceptance due to the unique property of surface coordination with polar groups. The use of zinc has gained popularity of late in effecting synthetically useful transformations like the ene-cyclisation, the diels-alder reaction, synthesis of bezhydrols and the synthesis of AF4. With due regard to the biological significance of alkyl substituted piperazines and morpholines in the field of medicine, our on going work deals with the N-alkylation of cyclic secondary amines by using activated Zinc as catalyst.
The present work includes N-alkylation of methyl, ethyl, benzyl, pyramidyl piperazines and morpholine with chlorobromo propane, allylbromide, p-methoxy benzyl bromide and benzyl chloride as alkylating reagents in the presence of activated zinc and tetrahydrofuran as shown in scheme-I.
           
                
                                                           Scheme-I
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The reaction of alkylating reagent with cyclic amine in the presence of zinc is remarkably fast and led to good yields of the products.  Thus, in a typical procedure, activated zinc powder was added to a solution of piperazine and chlorobromopropane in THF, stirred at room temperature for 1h. The reaction was performed on various substrates and the yields are mentioned in the table-I..
                                            
Table-I
Further alkylation’s on N-chloropropyl piperazines with other piperazines has also been carried out and is as shown in scheme-II
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 				        Scheme-II
The dialkylation is effective only in presence of Zn/THF whereas in the literature mentioned methods the reaction does not take place. The time taken for the dialkylations, reaction conditions, and yields are as shown in the table-3.
S.No 	Cyclic amine	Alkylating agents	Conditions	Product	Yield
1			Zn/ THF/ r.t/ 24 h		95%
2			Zn/ THF/ r.t/ 24 h		92%
3			Zn/ THF/ r.t/ 24 h		85%
4			Zn/ THF/ r.t/ 24 h		97%

		            	Table-II
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In conclusion, the alkylation of cyclic secondary amines by using zinc as a catalyst has been proved to be an excellent method. It paves way to a simple and convenient preparation of various N-alkyl / aryl alkyl substituted cyclic amines. The advantage of the present method over existing methods is the use of zinc as a reusable catalyst. This remarkable property of zinc-mediated catalysis makes it an economically valuable method.














 




